Background Both maternal socio-economic status (SES) and growth measures are themselves interrelated and are also related to infant birthweight. The objective of this study is to compare the relative importance of such maternal measures as determinants of birthweight of female infants-the prospective mothers of the next generation.
Numerous vital statistics studies have documented the association of SES factors in several of these problems of pregnancy outcome. [21] [22] [23] [24] [25] However, such databases do not include maternal growth measures, which themselves are related to socio-economic circumstances. 26 Thus there has been little opportunity to compare the relative importance of these two recognized types of influences on pregnancy outcomes. Further, socio-economic factors fail to explain the differences in birth outcomes between poor and well-off mothers, and between African American and mothers in other ethnic groups. [21] [22] [23] 27, 28 This study compares the predictive strength for birthweight of female infants (the prospective mothers of the next generation) of mothers' growth status known at the time of pregnancy-her birthweight, stature, and prepregnant For several decades it has been well documented that mother's stature and/or mother's birthweight are related independently of socio-economic status (SES), directly to infant birthweight and inversely to a number of problems, including low birthweight (LBW), preterm birth (PTB), and intrauterine growth retardation (IUGR). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] weight-with several of the frequently used maternal socioeconomic measures, using a population-based multiethnic intergenerational cohort in Washington State. 18 While studies have mostly dealt with categories of suboptimal outcome (e.g. LBW, PTB, IUGR), the outcomes of this and a companion study relate to how distributions of female infant birthweight and female stature change from one generation to the next, since characteristically these maternal measures have dose-response associations with pregnancy outcomes of concern. Where dose-response associations exist, the population distribution is a more appropriate descriptor than the prevalence of arbitrarily defined normal/abnormal categories. 29 Additionally, since birthweight and stature are now known to be associated with some adult chronic diseases, [30] [31] [32] [33] [34] the results of this study have relevance to both reproductive and non-reproductive health problems.
Methods

The data source
The Washington State Intergenerational Study of Birth Outcomes linked vital statistics and statewide hospital discharge data on 46 246 singleton births, 1987-1995, to the birth certificates of their mothers who were born in the state after 1948, when birthweight was on the birth certificate. 18 We later linked parents and grandparents to the Washington State drivers license database to obtain their self-reported heights. Linkage was accomplished for 72.2% of mothers and 42.1% of grandmothers. It was possible to compare the self-reported heights to measured heights of 480 control women of childbearing age from another study. The mean difference, measured to self-reported, was 0.1 in (0.28 cm), with a correlation coefficient of 0.95. It was shown that linkage to the drivers license file increased as educational attainment increased; 35 thus the mothers in this study tend to be of slightly higher socio-economic circumstances ( Table 1) .
The study base
Because mother's education and prepregnant weight were available on birth certificates only since 1992, this paper is based on live singleton births to singleton mothers occurring in 1992-1995, rather than the entire cohort of births in 1987-1995. Infant deaths are excluded. Because gestational duration was not included on the birth certificates until 1968, there were insufficient numbers of births to include that outcome in our study. We used those births for which all variables have been recorded, which are available in the following proportions of all births in 1992-1995: Whites, 61.5%; African Americans, 43.7%; Native Americans, 52.4%; Hispanics, 56.8%. Although we found similar results with male and female infants, we restricted our analyses to female infants because they are the prospective mothers of future generations.
The variables
All data except maternal stature were obtained from birth certificates. All maternal variables were linked to their own 
Statistical methods
We first confirmed the linearity of associations between infant birthweight and the continuous predictor variables by means of exploratory smoothing splines. We then calculated simple, partial and multiple correlation coefficients to investigate the association of the maternal growth and socio-economic variables with female infant birthweight. A correlation matrix of all predictor variables and female infant birthweight for each ethnic group is available on line as Supplementary Data at IJE online. We generated partial correlation coefficients to estimate the proportion of variance of the dependent variable attributed to a single predictor variable after the variance from all other predictor variables are accounted for. Tests of significance were based on the appropriate partial correlation coefficient t test and corresponding P-value. After this, we generated multiple correlation coefficients (R 2 ) to describe the overall proportion of variation of the dependent variable attributed to all the independent variables included in the equation. We investigated the proportion of variance in birthweight explained by each addition of the growth variables and then the SES variables. The significance of the variable or variables added to the model was determined by the change in the F-test and corresponding P-value. Specifically, we began with mothers' birthweight, and added, one by one, mothers' adult stature, then prepregnant weight. We used prepregnant weight because in our data it was a slightly better predictor of infant birthweight than was body mass index (BMI), 36 and, in any event, we were interested in evaluating mother's linear growth as well as her ponderal growth. Maternal smoking was then added because it is known that it is a stronger predictor of birthweight than most socioeconomic variables. Our correlation analyses (Supplementary Data) showed that the SES factors were variably related to infant birthweight, and highly intercorrelated, some positively and some negatively. We concluded that to some extent the SES factors were measuring similar underlying maternal characteristics, so we added all the SES variables together. All analyses were performed with STATA programs. 37 
Results
Characteristics of the samples
The included samples are of slightly lower socio-economic risk compared with those which were excluded because of missing values (Table 1) . This is not unexpected, since the self-reported heights were obtained from the state driver's license datafile, and it was shown that linkage to the driver's license database increased as educational attainment increased for all ethnic groups. 35 Compared with those excluded from analysis, our samples had fewer single mothers, more sought early prenatal care, and there were more first births. Mean mothers' birthweight, stature, prepregnant weight, and pregnancy weight gain were similar in the included and excluded samples. Mean female infant birthweights were slightly higher, and the female infant LBW proportions were slightly lower in the samples included for analysis.
Comparison of simple and partial correlations
Presented in Table 2 are simple and partial correlation coefficients of infant's birthweight and the maternal growth and SES measures, by ethnic group. Mother's birthweight is the strongest predictor of the infant's birthweight in all groups in both the simple model and the partial correlation model. The maternal growth variables (mother's birthweight, mother's stature, and prepregnant weight) have much stronger association with infant's birthweight then do the SES variables, except for smoking. Smoking is unique, in that it does not explain as much variation in infant's birthweight as does mother's birthweight. Smoking explained more of the variation in birthweight than all of the SES factors, again, except in the Hispanics. Table 2 shows that with one exception (stature of Native Americans), the partial correlation coefficients of the three maternal growth variables remain statistically significant (P Ͻ 0.01). The simple correlation coefficients of SES factors with infant birthweight were variably statistically significant, and in most cases the partial correlations showed reduced magnitude of the association. Table 3 presents the various multiple correlation models for each ethnic group. Mother's birthweight by itself explains the largest amount of variation in infant's birthweight of all the variables (3.66-4.99%). As each growth variable is sequentially added, there is an increase in the R 2 values. All of the growth variables together explain 6.16-9.74% of the variation in infant's birthweight. After all the maternal growth variables are included, the addition of maternal smoking also substantially increases the R 2 values, except in the Hispanics where smoking adds a negligible amount. After the three maternal growth variables and smoking are included, the addition of all the socioeconomic variables together minimally increases the multiple R 2 values. Generally, the association of the maternal growth and SES variables is comparable in relative strength across the four ethnic groups, except for stature in the Native American group and smoking in the Hispanic group.
Multiple correlation analysis
Discussion
We compared the predictive strength for female infant birthweight of several maternal growth and socio-economic variables. Each of the preconceptional maternal growth variables-birthweight, stature, pre-pregnant weightindependently was a stronger predictor of birthweight than each of the five SES factors: maternal age, parity, marital status, educational attainment, and month of onset of prenatal care. The simple, partial and multiple correlation analyses demonstrated the overriding importance of maternal growth variables in explaining the variation in infant birthweight. There were similar results for all four ethnic groups. In the Whites and African Americans, maternal smoking independently explained more of the variation in birthweight than all the sociodemographic variables taken together. The reasons for the different associations of smoking for the Hispanics are not clear, but may relate to incomplete reporting of smoking.
The similar findings of the associations with the maternal growth measures in all ethnic groups is a confirmation of the results and we speculate that similar patterns of associations will be found in the general population and in other ethnic groups. However, we found no association between maternal stature and infant's birthweight in Native Americans; the reasons for this are unclear.
Most studies of mothers' stature and/or birthweight related to their pregnancy outcomes have been concerned with the risk for suboptimal pregnancy outcome, such as LBW, PTB, and IUGR in the current generation. 9, 11, 13, 14, [18] [19] [20] 38 However, all reported associations of these maternal growth variables with pregnancy outcomes have a dose-response pattern, and distributions of continuous variables generally describe populations more adequately than dichotomizing them into arbitrary abnormal/normal categories. 29 Therefore, to investigate the associations with infant birthweight, we used linear correlation analysis, rather than logistic regression analyses, because the former refer to the distributions of birthweight. Thus, the main objective was to describe important segments of the intergenerational growth process by comparing maternal growth variables with maternal sociodemographic variables as predictors of the distribution of infant birthweight. We were interested in birthweight of female infants as the primary outcome. Female infants are the prospective mothers of the next generation. Maternal birth size and adult stature are stronger determinants of the prenatal growth of the next generation than are such paternal factors, 15, 16, 20 while each parent makes about an equal contribution to postnatal growth. Thus there is justification for devoting more study specifically to the growth of females. Such studies will provide further insights into what may occur in future generations, and may allow more objective evaluations of current health care practices and socio-economic forces in shaping the future. Therefore a better understanding of factors which influence maternal growth allows further insights into future trends.
The increasing evidence that birth size is related to childhood mortality, 39 to subsequent maternal pregnancy complications, 40, 41 and to several adult chronic diseases, 31, 32 is further justification to study the intergenerational changes in growth as it proceeds down the maternal line. The emerging documentation of a connection between sub-optimal maternal reproductive patterns and future risk for cardiovascular disease [42] [43] [44] [45] further highlights the importance of intergenerational and lifetime growth and health of the female members of our species. The mean birthweight increase of daughters compared with mothers varied between 30 g and 139 g; statistically significant for all ethnic groups except for Hispanics (Table 1B ). All four ethnic groups had a corresponding intergenerational decrease in low birthweight, statistically significant only for the Whites (Table 1A) . Thus, this intergenerational female growth process is an important fundamental determinant of pregnancy success or failure, and therefore also to lifelong reproductive and non-reproductive health problems. 15, 16 The importance of maternal prenatal and postnatal growth to future reproductive success, 1, 6, 7, 10, 12, 13 emerged about the same time as the evidence that adult stature 30, 46, 47 was related to adult chronic diseases, and earlier than the evidence that birthweight was related to several adult chronic diseases. 31, 32 However, consideration of the importance of mothers' growth to future reproductive success, affecting primarily young women and children, has been eclipsed by the fervour of the consideration of prenatal growth to several adult chronic diseases, affecting primarily older men and women. In any event, the results of this study relate to other health problems besides pregnancy outcome. But the importance of maternal growth underlies any consideration of the association of growth to other health problems, since maternal growth is a more important determinant of prenatal growth than is paternal growth.
Studies of the association of prenatal growth to adult chronic diseases have been criticized because sometimes there is no adjustment for socio-economic factors because of lack of data. 48 Our results show that after maternal growth measures are accounted for, the addition of socio-economic factors adds relatively little to explain the variation in birth size. Of course, there are other SES factors unavailable to this study that might alter such a conclusion. Nevertheless, the existing evidence suggests that previous maternal growth is more important for future growth than are existing socio-economic conditions. This is supported by previous studies in which the association of maternal birthweight to several pregnancy outcomes is little affected by adjustment for SES factors. 13, 14, 18 Some studies show that associations of prenatal and postnatal growth 49 with some adult chronic diseases also are little changed by adjusting for SES factors. This suggests that the value of studying such health problems in available historical convenience samples with little socio-economic data will be increased.
By gleaning from several hundred articles, Kramer 50 identified a number of determinants of intrauterine growth which he considered to be important: maternal birthweight, stature, prepregnant weight, cigarette smoking, and parity, all of which had direct effects, while indirect effect were ascribed to maternal education and age, and possibly marital status. To our knowledge, this is the first study that includes all of these factors in the same mother/infant pairs, and our results generally support Kramer's interpretation.
However, these factors have been insufficient to explain outcome differences between poor and well-off mothers 28 and, in particular, differences between African Americans and other ethnic groups. [21] [22] [23] 27 The repeated demonstration of associations between maternal birthweight and adult stature with infant outcome, 15, 16 together with the association of maternal grandmother's stature with grandchild's prenatal growth 17, 38 strongly indicates that this intergenerational growth process needs to be further explored. Unfortunately, data on these important maternal growth variables with sufficient size samples rarely exist. The development of the Washington State Intergenerational Cohort has provided sufficient data for some such purposes. So far, studies of this cohort have found associations between mother's birthweight and the following perinatal problems: LBW and PTB 18 gestational diabetes mellitus, 40 respiratory distress syndrome, 51 and the risk for cesarean section. 41 The weaker association of sociodemographic risk factors for birthweight in African Americans, in both the correlation and multiple correlation analyses, is consistent with the usual finding in such studies. In particular, low-risk African American mothers compared with high-risk mothers derive less relative benefit in terms of pregnancy outcome than their White counterparts. 23 This suggests that African Americans are exposed to more deleterious environmental conditions, some of which we speculate are intergenerational, which may be partly responsible for the downward displacement of the maternal birthweight distribution compared with other ethnic groups. 18 How people grow is a very complex, poorly understood biosocial process. While growth at various stages is certainly influenced by socio-economic factors, the results of this process-the growth measures themselves-need to be studied. Both mother's birthweight and her stature are determinants of infant outcome. These maternal growth measures are in turn partly determined by the socio-economic circumstances of the mother's family of upbringing. 6, 8, 9, 11, [15] [16] [17] For instance, studies in Aberdeen 6 and of the 1958 British Birth Cohort 9 showed that maternal stature was related to the occupational class of both the mother's father and the mother's husband. Further, there was a variable pattern of maternal stature related to the mother's upward and downward marital mobility. Thus we may speculate that in terms of some infant outcomes the socio-economic circumstances of the mother's family of upbringing may be as important or even more important than the mother's SES circumstances at the time of her pregnancies. 17, 52 To investigate this possibility would require a linked database of at least four generations with the requisite data. In any event, this study highlights the need to study maternal growth per se in order to better define the importance of socio-economic factors in human reproduction.
The final R 2 values which include all of the variables vary between 0.0953 and 0.1282 leaving most of the variation yet to be explained. Clearly there are other factors which need to be further elucidated, which may include nutrition, infection, toxins, stress, suboptimal physiological processes, physical environment, and genetic factors.
We speculate that any future health issue which is related to birth size may also be related to postnatal growth and adult stature, and vice versa, with variability in the relative importance of each. Our findings that maternal prenatal and postnatal growth measures are related to infant outcome offer further justification for the need for a life course 54 as well as an intergenerational approach to epidemiology.
Strengths and weaknesses
The major and perhaps unique strength of this study is the comparison of the association with female infant birthweight of maternal growth variables and maternal socio-demographic variables, not only in one ethnic group, but in four ethnic groups. The outcome of interest is not low birthweight, but birthweight of female infants, the prospective mothers of the next generation. Similar results were seen when infants of both genders were included in the analyses (data not shown).
While our database was population-based, because of absence of variables from vital statistics records for some years, and missing data points for some mother/infant pairs, subsamples of the four ethnic groups constitute the study base. These study samples are of slightly lower socio-demographic risk compared with those births that were excluded from analysis, so we make the usual caveat that our results may not apply to the general
